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(54) Liquid crystal device and process for producing same 



(57) A liquid crystal device is constituted by dispos- 
ing a liquid crystal between a pair of substrates each 
provided with an electrode to provide an effective optical 
modulation region and a peripheral region. At least one 
substrate of the pair of substrates comprises an inter- 
mediate layer disposed between the substrate and the 
electrode in the effective optical modulation region and 
the peripheral region, and the electrode on the interme- 



diate layer comprises a first electrode disposed at least 
in the effective optical modulation region and a second 
electrode disposed in the peripheral region. The first 
and second electrodes are separated from each other. 
The intermediate layer may preferably include a color fil- 
ter, a light-interrupting layer and a coating layer. 
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Description 

The present invention relates a liquid crystal device, 
particularly a liquid crystal device equipped with a color 
filter, and a process for producing the liquid crystal 
device- 
There has been known a liquid crystal device com- 
prising a pair of substrates each provided with an elec- 
trode and a liquid crystal disposed between the 
substrates. The liquid device performs optical modula- 
tion by applying a voltage to the liquid crystal to applying 
a voltage to the liquid crystal to control alignment (or ori- 
entation) of liquid crystal molecules. Particularly, liquid 
crystal display devices wherein alignment of liquid crys- 
tal molecules is controlled by applying a voltage in 
accordance with image data (image information) to form 
a display image has arrested attention as flat panel dis- 
plays in place of display devices using a cathode-ray 
tube (CRT). Of these devices, there has been actively 
developed a color liquid crystal panel including: a pair of 
substrates on one of which substrates a color filter film 
portion comprising at least three color films of red (R), 
green (G) and blue (B); electrodes as light switches 
each corresponding to respective color films; and a liq- 
uid crystal disposed between the substrates. 

Some embodiments of such a color liquid crystal 
device will be described with reference to Figures 1 and 
2. 

Figure 1 shows an embodiment of a color liquid 
crystal display device 4 including a pair of substrates 41 
and 41a disposed opposite to each other with a pre- 
scribed gap by means of a spacer 46 and a liquid crystal 
42 filling the gap and sandwiched between the sub- 
strates 41 and 41a. The device 4 has an effective optical 
modulation region a comprising a plurality of display pix- 
els (picture elements) constituting a display region and 
also has a peripheral region b located outside of and in 
contact with the effective optical modulation region a. In 
the region a, a group of color filter films 43 comprising 
three color films containing corresponding colored res- 
ins of red (R), green (G) and blue (B), respectively and 
a flat (or even) layer or film 44 comprising a transparent 
resin as a main component for coating (or covering) the 
group of color filter films 43 and for flattening the result- 
ant surface are successively formed on at least one of 
the substrates (on the substrate 41 in this embodiment). 
On the flat layer 44, a group of plural transparent elec- 
trodes 45 having a prescribed pattern corresponding to 
display pixels in order to drive the liquid crystal display 
device is formed. On the other substrate 41a, a group of 
plural transparent electrode 45a having a prescribed 
pattern corresponding to display pixels are formed. In 
this embodiment, display pixels are formed at intersec- 
tions of the groups of transparent electrodes 45 and 45a 
constituting an electrode matrix. In the region a. a volt- 
age is applied to the liquid crystal 42 (liquid crystal 
layer) through the groups of transparent electrodes 45 
and 45a, whereby an alignment (orientation) state of liq- 
uid crystal molecules can be controlled to appropriately 



effect optical modulation, thus performing image display 
etc. 

On the other hand, the peripheral region b is not a 
region contributing to optical modulation. In the region 

5 b, however, in order to provide good optical modulation 
characteristics in the above-described region a the flat 
layer 44 is continuously formed on the substrate 41 , i.e. , 
extends from the region a to the region b, so that a gap 
between the substrates 41 and 41a to be filled with the 

10 liquid crystal is adjusted as uniform as possible in the 
regions a and b as a whole. 

The substrates 41 and 41a are sealed with a seal- 
ing agent 47 as an end portion (in the region b in this 
embodiment). 

15 Figure 2 shows another embodiment of a color liq- 
uid crystal display device principally having the similar 
cell structure as in Figure 1 . In Figure 2, identical struc- 
tural members (or elements) are shown by identical ref- 
erence numerals used in the device of Figure 1 

20 described above. In this embodiment, however, insulat- 
ing films (alignment control films) 49 and 49a having 
been subjected to uniaxial aligning treatment are 
formed on the groups of transparent electrodes 45 and 
45a, respectively, formed on the substrates 41 and 41a, 

25 respectively, in the effective optical modulation region a. 
Further, in the peripheral region b, in order to provide a 
gap between the substrates (i.e.. a thickness of the liq- 
uid crystal layer) closer to that in the region a similarly 
as in the device of Figure 1 and in order to control an 

30 alignment state of liquid crystal molecules similarly as in 
the region a, a color filter film portion 43a is formed on 
the substrate 41 . On the color filter film portion 43a, the 
flat film 44 and insulating film 43 are successively 
formed and each continuously extends from the region 

35 a to the region b. On the other substrate 41 a, the insu- 
lating film 48a which continuously extends from the 
region a to the region b is formed. 

However, in the above-mentioned liquid crystal 
devices as shown in Figures 1 and 2, the gap between 

40 the substrates (i.e., cell gap or the thickness of liquid 
crystal layer) is not uniformized sufficiently in the 
regions a and b as a whole, thus failing to effect uniform 
control of an alignment state of liquid crystal molecules 
over the entire liquid crystal panel. Particularly, the 

45 alignment state in the vicinity of an end portion of the 
effective optical modulation region a is liable to become 
ununiform. 

Further, the liquid crystal devices as shown in Fig- 
ures 1 and 2 are liable to cause defects resulting from 

so an electrode substrate production process and materi- 
als used therefor. 

More specifically, the production (or preparation) of 
respective substrate constituting the liquid crystal 
device, particularly that of the substrate 41 equipped 

55 with the group of color filter films may be performed as 
follows. A group of color filter films 43 and 43a is formed 
on a substrate 41 (e.g., sheet of flat glass) and then a 
flat film 44 is formed on the entire surface of the sub- 
strate 41 provided with the group of color filter films 43 
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and 43a as shown in Figure 2. Thereafter, a film of an 
electroconductive transparent material (e.g., ITOfiim) is 
formed on the entire surface of the fiat film 44 by, e.g., 
vacuum vapor deposition. On the electroconductive 
(transparent) film, a prescribed resist pattern as a mask 5 
is formed according to a photolithographic process, fol- 
lowed by etching to form a group of electrodes 45 hav- 
ing a prescribed pattern in a region corresponding to the 
effective optical modulation region a. Further, an insu- 
lating film 48 is formed on the entire electrodes 45, as 70 
desired. 

In the etching step of the electroconductive trans- 
parent film in the above production process, a chlorine 
ion-containing solution, such as a hydroiodic acid-ferric 
chloride mixture solution or a hydrochloric acid-ferric 15 
chloride mixture solution is used as an etchant (etching 
solution). In this case, however, in the peripheral region 
b where the electroconductive transparent film is com- 
pletely removed, chlorine ions in the etchant penetrate 
through the flat film 44 and the color filter film 43a hav- 20 
ing been disposed under the electroconductive trans- 
parent film to reach and remain at the surface of the 
substrate 41 during and after the etching step. On the 
other hand, sodium tons are provided on the substrate 
41 in a heating step after the etching step, e.g., a hot 25 
(heat) curing step of forming an insulating film 48 as an 
upper layer or a heating step at 200 °C or above in the 
aligning treatment of a liquid crystal material. As a 
result, in the above heating step, the chlorine ion and 
the sodium ion react with each other to precipitate 30 
sodium chloride, whereby the flat film 44 and/or the 
color filter film 43a located lower than the electrode are 
liable to be peeled off. This phenomenon also adversely 
affects the layers formed in the effective modulation 
region a and those formed on the substrate 41a free 35 
from the color filter film in case where some film or layer 
is formed under the electrode according to necessity. 

In order to remedy the above difficulties, a high- 
purity glass plate having a low or no impurity content 
(e.g., sodium content) is tried to be used as a substrate 40 
or a barrier layer formed under the color filter film or 
formed on the flat film is tried to prevent the penetration 
of and reaction of the chlorine ion with the sodium ion. 

However, at the present status, sufficient effects 
cannot be attained and a complicated production proc- 45 
ess is necessitated, thus leaving room for improvement. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a liq- so 
uid crystal device, including a pair of substrates each 
provided with an electrode and a liquid crystal sand- 
wiched between the substrate, providing a uniform gap 
or spacing between the substrates (i.e., cell gap or liq- 
uid crystal layer thickness) over the entire region of the 55 
device to allow uniform and good alignment state of liq- 
uid crystal molecules in the entire region and preventing 
peeling of a layer in lamination layer structure of a sub- 
strate, particularly in a region other than an effective 



optical modulation region, to suppress an occurrence of 
a defect in a resultant device, such as an alignment 
defect. 

Another object of the present invention is to provide 
a process for producing the liquid crystal device 
described above. 

According to the present invention, there is pro- 
vided a liquid crystal device, comprising: a pair of sub- 
strates each provided with an electrode, and a liquid 
crystal disposed between the pair of substrates to pro- 
vide an effective optical modulation region and a periph- 
eral region, wherein 

at least one substrate of the pair of substrates 
comprises an intermediate layer disposed between the 
substrate and the electrode in the effective optical mod- 
ulation region and the peripheral region, and the elec- 
trode on the intermediate layer comprises a first 
electrode disposed at least in the effective optical mod- 
ulation region and a second electrode disposed in the 
peripheral region, the first and second electrodes being 
separated from each other. 

According to the present invention, there is also 
provided a liquid crystal device, comprising: a pair of 
substrates each provided with an electrode, and a liquid 
crystal disposed between the pair of substrates to pro- 
vide an effective optical modulation region and a periph- 
eral region, wherein 

at least one substrate of the pair of substrates 
has an effective optical modulation region and a periph- 
eral region including a first region and a second region 
disposed opposite to each other with respect to the 
effective optical modulation region, and 

the electrode on said at least one substrate has 
a first pattern in the form of stripes extending from the 
effective optical modulation region to a an outside por- 
tion via the second region to be connected with an 
external drive unit and has a second pattern in the first 
region apart from the first pattern. 

According to the present invention, there is further 
provided a process for producing a liquid crystal device 
comprising a pair of substrates each provided with an 
electrode, and a liquid crystal disposed between the 
pair of substrates to provide an effective optical modula- 
tion region and a peripheral region; including the steps 
of: 

forming an intermediate layer on at least one sub- 
strate of the pair of substrates in the effective opti- 
cal modulation region and the peripheral region, 
and 

forming on the intermediate layer an electrode hav- 
ing a first electrode pattern in the effective optical 
modulation region and a second electrode pattern 
in the peripheral region through a photolithographic 
process and an etching with an etchant. 

These and other objects, features and advantages 
of the present invention will become more apparent 
upon a consideration of the following description of the 
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preferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of an embodiment of a 
liquid crystal device. 

Figure 2 is a sectional view of another embodiment 
of a liquid crystal device. 

Figure 3 is a plan view of a liquid crystal device 
according to a first embodiment of the present inven- 
tion. 

Figure 4 is a sectional view of the liquid crystal 
device taken along line A-A in Figure 3. 

Figure 5 is a plan view of a liquid crystal device 
according to a second embodiment of the present 
invention. 

Figure 6 is a plan view of a liquid crystal device 
according to a third embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The liquid crystal device according to the present 
invention is characterized by providing at least one sub- 
strate with a first electrode group at least in an effective 
optical modulation region and a second electrode 
(group) in peripheral region, whereby a cell gap is uni- 
formized in the entire region where a liquid crystal mate- 
rial is filled and an alignment state of the liquid crystal 
material can be controlled uniformly in the entire region 
including the effective optical modulation region and the 
peripheral region. 

The second electrode located in the peripheral 
region is apart (separated) from the first electrode 
located in the effective optical modulation region. In a 
preferred embodiment, the second electrode functions 
as a dummy electrode which is not actuated or supplied 
with an voltage, thus failing to contribute to control of 
alignment (orientation) direction (e.g., switching) of liq- 
uid crystal molecules. The second (dummy) electrode is 
effective in preventing an adverse influence of a short- 
circuit occurred in the peripheral region on the effective 
optical modulation region since the second electrode is 
separated (insulated) from the first (or display) elec- 
trode formed in the effective optical modulation region. 

Herein "effective optical modulation region" means 
a display region having a prescribed display area in 
which a transmittance of a large number of pixels is con- 
trolled by using an applied drive signal to effect display 
in the case of a display device or means a region having 
a prescribed optical modulation area in which appropri- 
ate optical modulation is performed depending on drive 
signals in the case of a non-display device (a device 
other than the display device). Further, "peripheral 
region" means at least one region which does not sub- 
stantially contribute to optical modulation (e.g., control 
of transmittance) and disposed outside the effective 



optical modulation region. The peripheral region may 
preferably comprise two regions opposite to each other 
via the effective optical modulation. The peripheral 
region may more preferably enclose (surround) the 
5 effective optical modulation region on all (four) sides 
thereof. 

In the liquid crystal device according to the present 
invention, an electrode (group) is formed in not only the 
effective optical modulation region but also the periph- 
w eral region. Taking a general (substrate) production 
process of the liquid crystal device into consideration, 
as a result, a layer of an electrode material formed in the 
above manner is patterned by etching treatment in both 
the regions to provide a prescribed pattern. In this 
is instance, the thus patterned electrode is not removed by 
the etching treatment but remains in the peripheral 
region, whereby the penetration of a specific ion, e.g., 
chlorine ion, contained in the etchant used in the etch- 
ing treatment into the lower layer(s) closer to the sub- 
20 strate can be suppressed. Further, an adverse influence 
of a (peeling) solution for removing a resist pattern used 
in the above patterning step of the electrode upon the 
lower layer(s) can also be prevented. Even if an impurity 
ion, such as sodium ion, is generated on the substrate 
25 surface in a post-treatment (e.g.. hot curing of a result- 
ant film or heating for aligning treatment of a liquid crys- 
tal), the impurity ion is prevented from reacting with an 
ion (e.g., chlorine ion) contained in the etchant. thus 
preventing an occurrence of a defect, such as the peel- 
30 ing of the layer(s) located closer to the substrate. 

In case where the liquid crystal device of the 
present invention is used as a display device, an elec- 
trode (first electrode) formed on a substrate in the effec- 
tive optical modulation region may preferably have a 
35 prescribed pattern corresponding to display pixels. Sim- 
ilarly, an electrode (second electrode) formed on the 
(identical) substrate in the peripheral region may prefer- 
ably have a prescribed pattern in view of, e.g., a capac- 
ity (or capacitance) between the substrates. In a more 
40 preferred embodiment, the electrode patterns in the 
above two regions may appropriately be formed to have 
the same or different shapes in view of a degree of con- 
trol of, e.g., a gap between the substrates. Particularly, 
the second electrode formed in the peripheral region 
45 may preferably have a pattern having a size, with 
respect to each electrode segment, larger than that of a 
pattern of the first electrode formed in the effective opti- 
cal modulation region in order to suppress the peeling of 
the second electrode. The above structural features of 
so the (transparent) electrodes formed on the substrate(s) 
may also be applied to an auxiliary electrode optionally 
disposed on or outside of the electrodes in order to con- 
trol a resistance of the electrodes as a whole (i.e., the 
auxiliary electrode(s) may be disposed both in the 
55 above two regions and may be patterned in a pre- 
scribed shape). 

In the present invention, the liquid crystal device 
may preferably he a color liquid crystal display device. 
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An ordinary color liquid crystal display device 
includes a group of color filter films comprising color fil- 
ter segments of red (R), green (G) and blue (B), and 
optional white (transparent) (W) as desired, each con- 
taining corresponding colored resins, respectively, in at 5 
least the effective optical modulation region (display 
region) on one of a pair of substrates. The color filter 
segments may appropriately be patterned and com- 
bined with each other to constitute one (display) pixel. 
On the patterned color filter films, a transparent (flat) 10 
layer for flattening an unevenness (irregularity) of the 
color filter films is formed, and thereon a pattern of a 
group of transparent electrodes comprising an electro- 
conductive transparent material (e.g., ITO) is formed in 
accordance with one pixel or the color filter segment(s) 75 
constituting one pixel. 

In the present invention, the color liquid crystal dis- 
play device has a group of patterned transparent elec- 
trodes formed not only in the effective optical 
modulation region (display region) but also in the 20 
peripheral (non-display) region. In this case, also in the 
peripheral region, the group of patterned transparent 
electrode may preferably be formed via a group of color 
filter films as a dummy color filter and a transparent 
layer successively formed in this order on the substrate. 25 
The group of (dummy) color filter films may have a pat- 
tern similar to or different from that of the group of color 
filter films formed within the display region. However, the 
group of (dummy) color filter films formed in the periph- 
eral region may preferably be patterned so as to have a 30 
size, with respect to each of color filter segments, larger 
than that of a pattern of the group of color filter films 
formed in the display region. In the above (plural)-layer . 
structure on the substrate, the presence of the group of 
transparent electrodes in the display and peripheral 35 
regions is very effective in preventing the peeling of the 
group of color filter film and/or the transparent layer as 
described above. 

In the present invention, a liquid crystal material 
may include a pneumatic liquid crystal, a smectic liquid 40 
crystal including a chiral smectic liquid crystal (e.g., a 
ferroelectric liquid crystal) and other liquid crystals. 
These materials may be used singly or mixture (compo- 
sition) of two or more species. 

The above liquid crystal is disposed between the 45 
pair of substrate with a prescribed cell gap. The above- 
mentioned layer structure on the substrate may suitably 
be applied to a liquid crystal device having ai smaller 
cell gap. Particularly, a liquid crystal device using a chi- 
ral smectic (ferroelectric) liquid crystal is set to have a so 
very small cell gap of at most 5 pm, preferably 0.5-2 
urn, particularly about 1 \im, so that it is important to 
control uniformity of the cell gap. For this reason, the 
above layer structure, i.e., a layer structure wherein a 
group of color filter films, transparent layer, and a group 55 
of transparent electrodes are formed in this order on a 
substrate in both of the effective optical modulation 
region and the peripheral region may preferably be 
adopted in the present invention. 



Hereinbelow, some preferred embodiments of the 
liquid crystal device according to the present invention 
will be described with reference to Figures 3 - 6 in which 
identical structural members and regions are indicated 
by identical reference numerals. 

Figures 3 and 4 show a first embodiment of the liq- 
uid crystal device of the present invention, wherein Fig- 
ure 3 is a plan view of one substrate and Figure 4 is a 
sectional view of the entire device structure taken along 
line A-A in Figure 3. 

Referring to Figures 3 and 4, a liquid crystal device 
3 includes a pair of substrates 11 and 11a each com- 
prising a sheet (or flat) glass. On one substrate 1 1 , a 
group of color filter films 13 comprising color filter seg- 
ments of red (R), green (G) and blue (B) each contain- 
ing respective colored resins is formed in a region 
corresponding to an effective optical modulation region 
(display region) a and a group of color filter films 13a 
comprising color filter segments (R, G and B) is formed 
in a region which corresponds to a peripheral region b 
but is inside the periphery of the device where the two 
substrates 1 1 and 11b are sealed with a sealing agent 
1 7. Examples of a material for the color filter films may 
include a photosensitive resin (e.g., polyamide or poly- 
imide) containing pigments for respective colors dis- 
persed therein. The group of color filter films 13a (in the 
peripheral region a) has a dummy pattern different from 
a pattern of the group of color filter films 1 3 (in the dis- 
play region b) in this embodiment but may have a 
dummy pattern identical to a pattern of the group of 
color filter films 13. On the group of color filter films 13 
and 13a, a coating (flat) layer 1 4 comprising a transpar- 
ent resin is formed to flatten or smooth an unevenness 
(irregularity) in thickness (height) of respective color fil- 
ter segments (S, G and B) are recesses therebetween. 
On the coating layer 14, a group of transparent elec- 
trodes 15 in the form of stripes for applying a voltage to 
a liquid crystal layer is formed in the display region a 
and a grope of transparent electrodes 19 is formed in 
the peripheral region b and extends to the edge of the 
substrate 11. The group of transparent electrodes 19 is 
apart (separated) from the group of transparent elec- 
trodes 1 5 so as not to contribute to drive of the device. 
On the groups of transparent electrodes 15 and 19, an 
insulating film 18 comprising a polymeric material or an 
inorganic material and subjected to uniaxial aligning 
treatment (e.g., rubbing) is formed. 

On the other substrate 11a, a group of transparent 
electrodes 15 in the form of stripes is formed in the dis- 
play region a. Further, on the group of transparent elec- 
trodes 15 and the substrate 11a, an insulating film 18a 
(similar to the insulating film 18) is formed. 

Between the opposite insulating films 1 8 and 18a, a 
spacer 16 is disposed to provide a prescribe cell gap 
filled with a liquid crystal 12. 

In this embodiment, on the substrate 11, a light- 
interrupting layer may appropriately be disposed in the 
display region a in a prescribed pattern between or 
among a prescribed number of color filter segments 13 
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at the same level in order to prevent unnecessary color 
mixing therebetween. The light-interrupting layer may 
preferably extend to the peripheral region. Further, in 
order to lower a resistance of the respective transparent 
electrodes 15 and 15a, an auxiliary electrode (e.g., 5 
comprising a metal material) may be formed on a part or 
all of the surface of the electrodes 15 and 15a in a pre- 
scribed pattern. 

. The group of transparent electrodes 15 is electri- 
cally connected with an external drive unit, such as a 10 
driving IC (integrated circuit) disposed outside of the 
device 3 (not shown in Figures 3 and 4). In this case, the 
respective stripe electrodes 15 may be connected with 
a driving IC on the same side or an different sides each 
other. Further, on the side where each stripe electrode is 
15 is connected, the stripe electrode 15 is also formed 
in the peripheral region b, but is not connected, a corre- 
sponding transparent electrode 19 apart from the stripe 
electrode 15 is disposed in the opposite peripheral 
region b. For this reason, the electrodes 15 and 19 20 
formed on the same substrate 1 1 , as a whole, provided 
a uniform cell gap between the substrates 1 1 and 1 1 a 
over the regions a and b. 

In this embodiment, the respective structural mem- 
bers (elements) are formed or prepared as follows. 25 

Each of the group of color filter films 1 3 and 1 3a dis- 
posed in the regions a and b, respectively, is formed on 
the glass substrate 1 1 in the following manner. 

First, a solution containing a color filter-forming 
. material principally comprising a photosensitive resin 30 
for one color filter (e.g., red) is applied onto the sub- 
strate 11 and pre-dried (pre-baked) on a hot plate. 
Then, the resultant substrate 1 1 is subjected to photo- 
curing (or -setting) (exposure with light) with a photo- 
mask to cure a necessary part (exposed part) of the 35 
photosensitive resin, followed by removal of an unnec- 
essary part (unexposed part) of the photosensitive resin 
through development. The thus treated substrate 1 1 is 
further subjected to curing (post-baking) with the hot 
plate to obtain a single color (e.g., red) color filter film. 40 
The above steps are repeated two times with respect to 
photosensitive resins for the remaining two color filters 
(e.g., green and blue), respectively, in this order, and 
optionally repeated with respect to a photosensitive 
resin for white (transparent) color filter, as desired, to 45 
provide an objective group of color filter film comprising 
color filter segments of at least three colors (red (R). 
green (G), blue (B) and optional white (W)) to the sub- 
strate 1 1 . 

Then, in order to flatten the difference in height 50 
among respective color filter segments and fill the spac- 
ing therebetween, a solution containing a transparent 
resin is applied onto the above prepared substrate 1 1 by 
spinner coating and dried and cured (baked) with the 
hot plate to form a coating (flat) layer 14 on the above 55 
substrate 11. 

Thereafter, an electroconductive transparent film 
(e.g., ITO film) is formed on the entire surface of the 
coating layer 14 by using a vacuum film-forming appara- 



tus. Subsequently, a photoresist having prescribed pat- 
tern (as a photomask) is formed on the 
electroconductive transparent film by a photolitho- 
graphic process and subjected to etching with an etch- 
ant containing, e.g., chlorine ion, such as a mixture 
solution of hydroiodic (or hydrochloric) acid and ferric 
chloride, followed by peeling-off of the photoresist to 
form a group of transparent electrodes 14 (e.g., in the 
form of stripes) in the display region 3 (and partially in 
the peripheral region b) and a group of transparent elec- 
trodes 19 (e.g., in the form of stripes) in the peripheral 
region b. 

Then, an insulating film 18 comprising at least one 
layer is formed at least on the electrode 15 by using a 
vacuum film-forming apparatus or according to printing 
process, optionally followed by uniaxial aligning treat- 
ment, such as rubbing. 

On the other hand, a group of transparent elec- 
trodes 15a and an insulating film 18a are successively 
formed on the other substrate 11a in the same manner 
as above. 

The thus prepared two substrates 1 1 and 11a are 
oppositely applied to each other via a spacer 16 by 
using a sealing agent 17 at the periphery thereof so as 
to leave an injection port of a liquid crystal. A liquid crys- 
tal 12 is then injected into a cell gap (a gap between the 
substrates 11 and 11a) through the injection port, fol- 
lowed by sealing of the injection port. Thereafter, a 
resultant liquid crystal cell is subjected to aligning treat- 
ment including heating to prepare a liquid crystal device 
according to this embodiment as shown in Figure 4. 

More specifically, the above liquid crystal device (as 
shown in Figure 4) is prepared by using the following 
structural members and under the following conditions. 

Substrate (11, 11a): sheet (or flat) glass (thickness 
= 1.1 mm) 

Color filter film (13, 13a): three color filter segments 
of R, G and B (thickness = c.a. 2 pm) 
Coating film (14): transparent resin (thickness = c.a. 
3 urn) 

Transparent electrode (15, 15a, 19): ITO film (thick- 
ness = c.a. 0.1 fim) 

Liquid crystal (12): chiral smectic liquid crystal (mix- 
ture) 

Cell gap: 1.1 ^m (average value) 
Etchant used: hydrochloric acid/ferric chloride mix- 
ture solution (3/2 by volume) 
Aligning treatment (of liquid crystal): including heat- 
ing for 1 hour at 270 °C 

The above-prepared liquid crystal device according 
to this embodiment did not cause a peeling phenome- 
non of the transparent layer 14 and the color filter films 
1 3 and 1 3a at all and provided no alignment defect even 
at the boundary between the display (effective optical 
modulation) region a and the peripheral region b. 
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With reference to Figure 5, a second embodiment 
of the liquid crystal device of the present invention will 
be described. 

Referring to Figure 5, a liquid crystal device accord- 
ing to this embodiment has the same cell structure as s 
that of the first embodiment (Figure 3) except that a 
group of transparent electrode 20 is patterned in the 
form of independent squares each having a size slightly 
larger than that of each color filter segment 13a. Simi- 
larly as in the first embodiment, the liquid crystal device 10 
in this embodiment also has a uniform cell gap over the 
entire region (including the regions a and b). Further in 
the both regions a and b ( the liquid crystal shows a uni- 
form alignment state. 

A liquid crystal device having the above-described is 
structure as shown in Figure 5 was prepared in the 
same manner as in the first embodiment except for 
using an etchant (for patterning transparent electrodes) 
comprising a mixture solution (hydroiodic acid/ferric 
chloride = 3/2 by volume). 20 

As a result, similarly as in the first embodiment, 
peeling of the coating film 14 and the color filter film 13a 
liable to be caused in the peripheral region b was not 
observed at all and excellent display characteristics 
were confirmed. 25 

Then, a third embodiment of the liquid crystal 
device according to the present invention will be 
explained with reference to Figure 6. 

Referring to Figure 6, a liquid crystal device accord- 
ing to this embodiment has the same cell structure as 30 
that of the second embodiment (Figure 5) except that a 
light-interrupting layer 21 in the form of stripes as shown 
in Figure 6 is disposed between the color filter films 13 
iaa region corresponding to a space between the stripe 
transparent electrodes 15 in the region a and partially 35 
between those 20 in the region b and that a group of 
transparent electrodes 20 are partially patterned in the 
form of independent squares similar to those in Figure 5 
but having a larger spacing in a region b* and partially 
patterned in the form of stripes (each including three 40 
squares in the figure) in the region b but in a region 
adjacent to a region corresponding to the region where 
the light-interrupting layer 21 is formed. In this embodi- 
ment, similarly as in the first and second embodiments, 
the liquid crystal device has a cell gap with a good uni- 45 
formity in not only the display region a but also the 
peripheral regions b and b\ Further, in these regions a, 
b and b\ the liquid crystal shows a uniform alignment 
state. 

A liquid crystal device having the above-described so 
structure was prepared in the same manner as in the 
second embodiment except that a light- interrupting 
layer 21 having a thickness of about 1000 A was addi- 
tionally formed by using an alloy of Mo-Ta. 

As a result, similarly as in the second embodiment, ss 
peeling of the coating film 1 4 and the color filter film 1 3a 
liable to be caused in the peripheral regions b and b* 
was not observed at all and excellent display character- 
istics were confirmed. 
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As described hereinabove, according to the present 
invention, there is provided a liquid crystal device hav- 
ing a uniform cell gap and showing a good display char- 
acteristic free from defects by providing at least one 
substrate with a first electrode in an effective optical 
modulation region and a second electrode in a periph- 
eral region separated from each other. 

Particularly, in a color liquid crystal display device 
including a color filter film and a coating layer thereof 
and optionally a light-interrupting layer, the above elec- 
trode arrangement is more effective in improving a dis- 
play quality by suppressing peeling of the color filter film 
and the coating layer particularly in the peripheral 
region and providing a uniform liquid crystal layer thick- 
ness. 

A liquid crystal device is constituted by disposing a 
liquid crystal between a pair of substrates each pro- 
vided with an electrode to provide an effective optical 
modulation region and a peripheral region. At least one 
substrate of the pair of substrates comprises an inter- 
mediate layer disposed between the substrate and the 
electrode in the effective optical modulation region and 
the peripheral region, and the electrode on the interme- 
diate layer comprises a first electrode disposed at least 
in the effective optical modulation region and a second 
electrode disposed in the peripheral region. The first 
and second electrodes are separated from each other. 
The intermediate layer may preferably include a color fil- 
ter, a light-interrupting layer and a coating layer. 

Claims 

1. A liquid crystal device, comprising: a pair of sub- 
strates each provided with an electrode, and a liq- 
uid crystal disposed between the pair of substrates 
to provide an effective optical modulation region 
and a peripheral region, wherein 

at least one substrate of the pair of sub- 
strates comprises an intermediate layer disposed 
between the substrate and the electrode in the 
effective optical modulation region and the periph- 
eral region, and the electrode on the intermediate 
layer comprises a first electrode disposed at least in 
the effective optical modulation region and a sec- 
ond electrode disposed in the peripheral region, the 
first and second electrodes being separated from 
each other. 

2. A device according to Claim 1, wherein the first 
electrode has a pattern corresponding to plural dis- 
play pixels in the effective optical modulation region 
as a display region. 

3. A device according to Claim 2, wherein the interme- 
diate layer comprises a color filter film comprising at 
least one color filter segment and a coating layer 
disposed on the color filter film and is disposed on 
one of the pair of substrates. 
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4. A device according to Claim 1, wherein the elec- 
trodes disposed on the pair of substrates comprise 
an electroconductive transparent material 

5. A device according to Claim 1 , wherein the pair of s 
substrates are applied to each other with a sealing 
agent at a periphery portion therebetween to pro- 
vide a prescribed cell gap, and under the sealing 
agent, the second electrode disposed in the periph- 
eral region extends. 10 
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forming an intermediate layer on at least one 
substrate of the pair of substrates in the effec- 
tive optical modulation region and the periph- 
eral region, and 

forming on the intermediate layer an electrode 
having a first electrode pattern in the effective 
optical modulation region and a second elec- 
trode pattern in the peripheral region through a 
photolithographic process and an etching with 
an etchant. 



6. A device according to Claim 3, wherein the color fil- 
ter film comprises at least three color filter seg- 
ments comprising a red color filter segment, a 
green color filter segment, and a blue color filter 15 
segment. 

7. A device according to Claim 1, wherein the first 
electrode and the second electrode have different 
patterns. 20 

8. A device according to Claim 1 , wherein the second 
electrode disposed in the peripheral region is not 
supplied with a voltage. 

25 

9. A device according to Claim 3, wherein the interme- 
diate layer further comprises a light-interrupting 
layer disposed so as to fill a space between a pre- 
scribed number of color filter segments in the effec- 

... tive optical modulation region. 30 

1 0. A device according to Claim 3 ( wherein the interme- 
diate layer further comprises a light-interrupting 
layer disposed so as to fill a space between a pre- 
scribed number of color filter segments in the effec- 35 
tive optical modulation region and the peripheral 
region. 

1 1 . A device according to Claim 3, wherein the color fil- 
ter film comprises a first color filter film in the effec- 40 
tive optical modulation region and a second color 
filter film in the peripheral region, the second color 
filter film comprising at least one color filter seg- 
ment each of which is larger in size than that of at 
least one color filter segment constituting the first 45 
color filter film. 

12. A device according to Claim 5, wherein the pre- 
scribed cell gap is a cell gap of at most 5 um 

50 

13. A device according to Claim 1. wherein the liquid 
crystal comprises a chiral smectic liquid crystal. 

14. A process for producing a liquid crystal device com- 
prising a pair of substrates each provided with an 55 
electrode, and a liquid crystal disposed between 
the pair of substrates to provide an effective optical 
modulation region and a peripheral region; includ- 
ing the steps of: 



15. A process according to Claim 14, wherein the etch- 
ant comprises a mixture solution of hydroiodic acid 
and ferric chloride or a mixture solution of hydro- 
chloric acid and ferric chloride. 

16. A process according to Claim 14, wherein the steps 
of forming the intermediate layer includes the steps 
of: 

forming a color filter film comprising at least 
one color filter segment on said at least one 
substrate, and 

forming a coating layer on the color filter film. 

17. A process according to Claim 14, wherein the step 
of forming the intermediate layer includes the steps 
of: 

forming a color filter film comprising at least 
one color filter segment on said at least one 
substrate, 

forming a light-interrupting layer so as to fill a 
space between a prescribed number of color 
filter segments in the effective optical modula- 
tion region and the peripheral region, and 
forming a coating layer on the light-interrupting 
layer and the color filter film. 

18. A process according to Claim 14, wherein the first 
electrode pattern and the second electrode pattern 
are separated from each other. 

19. A liquid crystal device, comprising: a pair of sub- 
strates each provided with an electrode, and a liq- 
uid crystal disposed between the pair of substrates 
to provide an effective optical modulation region 
and a peripheral region, wherein 

at least one substrate of the pair of sub- 
strates has an effective optical modulation region 
and a peripheral region including a first region and 
a second region disposed opposite to each other 
with respect to the effective optical modulation 
region, and 

the electrode on said at least one substrate 
has a first pattern in the form of stripes extending 
from the effective optical modulation region to an 
outside portion via the second region to be con- 
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nected with an external drive unit and has a second 
pattern in the first region apart from the first pattern. 

20. A device according to Claim 19, wherein the sec- 
ond pattern comprises plural independent portions 
each of which is located in an extending direction of 
the corresponding stripe of the first pattern. 

21. A device according to Claim 19, wherein the elec- 
trode having the first and second patterns is formed 
on said at least one substrate via an intermediate 
layer disposed in the effective optical modulation 
region and the first and second regions of the 
peripheral region. 

22. A device according to Claim 19, wherein, in the 
effective optical modulation region, the electrodes 
of the pair of substrates have stripe patterns inter- 
secting with each other to constitute plural display 
pixels. 

23. A device according to Claim 21, wherein the inter- 
mediate layer comprises a color filter film compris- 
ing at least one color filter segment, and in the 
effective optical modulation region, the electrodes 
of the pair of substrates have stripe patterns inter- 
secting with each other to constitute plural display 
pixels. 

24. A device according to Claim 23, wherein the color 
v filter film comprises at least three color filter seg- 
ments comprising a red color filter segment, a 
green color filter segment, and a blue color filter 
segment 

25. A device according to Claim 19, wherein the elec- 
trodes on the pair of substrates comprises an elec- 
troconductive transparent material. 

26. A device according to Claim 1 9, wherein the elec- 
trode having the second pattern is not supplied with 
a voltage in the first region. 

27. A device according to Claim 23, wherein the inter- 
mediate layer further comprises a light-interrupting 
layer disposed so as to fill a space between a pre- 
scribed number of color filter segments in the effec- 
tive optical modulation region. 

28. A device according to Claim 23, wherein the inter- 
mediate layer further comprises a light-interrupting 
layer disposed so as to fill a space between a pre- 
scribed number of color filter segments in the effec- 
tive optical modulation region and the first region of 
the peripheral region. 

29. A device according to Claim 19. wherein the liquid 
crystal device has a cell gap of at most 5 urn. 



30. A device according to Claim 19, wherein the liquid 
crystal comprises a chiral smectic liquid crystal. 
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intermediate layer comprises a first electrode (1 5) dis- 
posed at least in the effective optical modulation region 
(a) and a second electrode (19) disposed in the periph- 
eral region (b). The first and second electrodes are sep- 
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